Variability of Latitude Fixed-Tilt Radiation

Monthly Radiation (kWh/m?/day)

1961-1990 Average

Olympia, WA

WBAN NO. 24227

LATITUDE: 46.97° N
LONGITUDE: 122.90° W
ELEVATION: 61 meters
MEAN PRESSURE: 1010 millibars

STATION TYPE: Secondary
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%

Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

0 Average 1.0 1y 2.8 4.0 5.0 5.0 59 5.1 3.8 2.2 12 0.9 33
Min/Max | 0.8/1.3 1.3/2.2 23/3.6 | 32/4.6 4.1/59 4.6/6.6 | 49/69 4.0/6.0 3.04.6| 1928 L0/5 0810 3.0435

Latitide <15 Average 1.4 23 34 44 5.1 5.5 59 5.5 4.6 3.0 1.6 1.2 3.7
Min/Max | 1.1/2.1 1.4/34  25/49 | 34/53 40/6.1 4465 | 48/69 4.1/677 34/59 | 2.1/4.1 1.2/2.3 09/1.6 | 3.3/4.0

LAt Average 1.5 24 34 4.2 4.7 5.0 55 5.2 4.6 3.1 17 1.3 3.6
Min/Max | 1.1/23  1.4/37 25/51 | 3.2/51 3.7/58 4.1/6.0 | 45/64 3.9/64 33/60| 2.1/44 1.3)25 10/1.8 | 3.2/3.9

Latitude 15 Average 1.6 2.4 33 3.9 4.2 43 4.3 47 4.4 3.0 1.8 1.4 33
Min/Max | 1.1/24 1.3/3.8 24/50 | 2.9/48 3.3/51 35/52 | 39/56 3558 3.1/57| 2.0/44 1326 0918 | 3.0/3.6

90 Average 1.4 2.0 2.6 2.8 2.8 27 3.0 32 34 2.6 1.6 15 2.4
Min/Max | 1.0/22 1.1/3.4 19/4.1 | 2.1/3.4 2.2/33 23/3.1| 2634 2540 24/44| 1738 1124 08/1.7 | 22127

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

0 Average 1.2 2.1 33 5.0 6.3 71 ooy 6.7 32 2.9 1.4 1.0 42
Min/Max | 0.9/1.8 1.3/3.2  2.6/5.1 | 3.6/6.1 4.7/7.9 53/88 | 5.8/9.5 45/84 3.6/70( 2.1/4.1 L.1/20 0.8/1.3 | 3.7/4.6

Tseide-15 Average 1.6 23 4.0 3.3 6.5 Jil 7.9 Tl 58 3.3 1.8 1.3 45
Min/Max | 1.1/2.3 1.4/4.1 2.8/6.1 | 3.8/6.6 4.7/82 52/89 | 5897 4.7/9.1 3980 23/51 1.3/2.7 0.9/1.7 | 4.0/5.0

Latitads Ayerage | 885 2.6 4.1 22 6.2 6.8 7.6 7.0 59 3.6 1.9 1.4 45
Min/Max | 1.1/2.5 1.4/4.3 2.8/6.3 | 3.7/6.6  45/79 50/8.6 | 56/94 4589 3.8/8.1 2383 1.4/28 1.0/1.9 | 4.0/5.0

Tatlrade 1% Average 1.7 2.6 4.0 5.0 59 6.3 7.1 6.6 5.7 3.5 1.9 1.4 4.3
Min/Max | 1.1/2.6 14/44 2862|3563 42/75 4680| 5288 4385 37/7.9| 22/53 14/29 1.0/2.0 | 3.8/4.8

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

2-Axis Average by &t 4.1 k] 6.6 3 8.0 T 5.9 3.6 1.9 1.5 4.7
o Min/Max | 1.1/2.7 1.4/44 29/63 | 3.8/6,7 4883 54/9.1| 5999 47/9.1 398.1 2354  1.4/29 1.0/2.0 | 4.1/5.1

Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

1-Axis, E-W | Average 0.7 it | 13 2.0 5 3.0 < [ 3.3 2.8 Lo 0.8 0.6 2.0
Horiz Axis Min/Max | 0.2/14 03/26 0833 | 1.029 13/38 1545 | 2.1/52 1447 12/45| 06/3.0 05/1.5 03/1.0 | 1.6/24

1-Axis, N-S | Average 0.4 0.9 1.8 25 33 3.9 4.8 4.2 32 (] 0.6 04 23
Horiz Axis Min/Max | 0.1/09 0.3/20 0933|1236 1749 2.0/58| 2.6/6.8 1.7/6.0 1.4/53 | 0.6/2.7 0.3/1.0 0.2/0.6 | 1.8/2.8

1-Axis, N-S | Average 0.8 1.3 2.2 2.7 33 3.8 4.7 44 3.8 2.1 0.9 0.7 2.6
Tilt=Latitude | Min/Max | 0.2/1.5 0.4/3.0 L1/43 | 1.3/39 1.7/49 1.9/5.6 | 2.6/6.7 1.9/63 1.6/63 | 08/3.7 05/1.6 03/1.0 ] 2.1/3.1

5 Kadle Average 0.8 1.4 2.2 2.8 35 4.1 5.0 4.6 38 21 1.0 0.7 2.7
g Min/Max | 02/1.6 04/3.1 1.1/43 | 1.4/40 1852 2.1/6.1 | 2.87.2 19/65 1.6/63 | 0838 05/1.7 03/1.1] 2.1/3.2

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

Temperature (°C) 33 5.1 6.6 8.6 11.8 14.8 17.2 17.4 14.4 0.8 5.8 34 9.8

Daily Minimum Temp 02 0.4 0.9 2.3 5.0 8.0 9.6 ot 7.1 3.8 17 0.1 4.0
Daily Maximum Temp 6.9 9.7 122 14.9 18.5 216 24.7 25:1 217 158 10.0 6.8 15.7
Record Minimum Temp | -22.2 -183 -12.8 -5.0 -39 -1.1 17 0.6 -3.9 -6.7 -183  -2L7 | -222
Record Maximum Temp | 17.2 228 244 30.6 35.6 38.3 394 40.0 36.7 328 233 17.8 40.0
HDD, Base 18.3°C 465 372 365 292 203 112 53 57 123 263 375 462 3142

CDD, Base 18.3°C 0 0 0 0 0 T 17 27 5 0 0 0 56

Relative Humidity (%) 88 85 80 75 3 72 71 72 78 85 88 89 80

Wind Speed (m/s) 3.3 32 3.3 34 33 sl 2.9 2.8 23 27 33 3.1 3.1
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WBAN NO. 94240

LATITUDE: 47.95° N

LONGITUDE: 124.55° W
ELEVATION: 55 meters

Monthly Radiation (kWh/m?/day]

Variability of Latitude Fixed-Tilt Radiation

MEAN PRESSURE: 1010 millibars +
STATION TYPE: Secondary
1961-1990 Average
o+t
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Solar Radiation for Flai-Plaie Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.0 1.6 2.6 37 4.7 54 5:2 4.5 35 21 1.2 0.8 3.0
Min/Max | 0.7/1.3  1.2/20 22/33 | 2.8/43 4.1/54 42/59 | 4.0/62 3.6/54 3044 | 1727 105 07/11 | 2832
Latinide =15 Average 1.5 2.3 32 4.1 4.8 5.0 5.2 4.9 4.4 3.0 1.8 1.4 35
5 Min/Max | 09/23 14/3.3 2.6/4.6 | 2950 4.1/56 40/59 | 3.8/63 3.7/60 3557 | 2142 1327 0923 | 32/38
Tl Average 1.6 24 3.3 4.0 4.5 4.6 48 4.7 44 3.1 1.9 1.5 34
Min/Max | 0.9/2.7 1.5/3.6 2.6/47 | 2.8/4.8 3.8/53 3.7/54 | 3.5/58 35/58 34/58 | 2.1/45 1430 Q9726 | 3.1/3.8
Latitude +15 Average L7 2.4 2 37 4.0 4.0 42 4.2 42 3.1 2.0 1.6 32
i < | Min/Max | 0.9/2.8 1.4/3.7 25/47 | 2.5/45 33/46 32/47 | 3.1/5.1 3353 3255 | 2185 1.4/3.2 0.9/2.8 | 2.9/3.6
90 Average 1.6 2.1 2.6 27 24 2.5 a7 3.0 At 2.6 1.8 1.5 24
Min/Max | 0.8/2.7 12134 2.0/39 | 1933 2330 21p9 | 2132 25336 2543 1.7/39 L2/3:0; O.E27 [l 2328
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
| Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
lo Average | 13 9.1 34 47 3.9 6.3 65 5.8 4.9 29 15 1.1 )
Min/Max | 0.8/1.9 1.3/3.1 2.6/48 | 3.1/59 49/72 49/76| 4683 42/74 3.7/67 | 2042 12/23 08/17 | 3.5/43
Latitude -15 | Average | 17 2.7 39 5.1 6.0 6.3 6.6 6.2 55 3.6 2.0 15 43
. | Min/Max | 0.9/2.7 L1541 3.0/57 | 3.2/64 4975 48/7.8 | 4.6/85 4380 4.1/7.7 | 23/53 1432 0926 | 39438
Tatitude Average 1.8 2.8 4.0 5.0 5.8 6.0 6.4 6.1 5.6 e e 24 1.6 4.2
Min/Max | 0.9/3.0 1.5/43 3.0/59 | 32/6.3 4.7/73 4.6/74 | 44/82 42/79 40/78 | 24/55 1.5/35 1.0/29 | 3.8/49
Latituds +15 Average 1.8 2.8 39 4.7 535 56 6.0 ke 5.4 3 2.2 LT 4.1
. Min/Max | 0.9/3.1 1544 2958 | 3.0/6.1 44/68 42/69 | 41/7.7 40/7.5 3976 | 2355 1536 1.0/3.1|3.747
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dee: | Year
%, Axte Average 1.9 28 4.0 5.1 6.1 6.5 6.8 6.2 5.6 3.7 22 1.9 4.4
- Min/Max | 0.9/3.2 1.5/4.4 3.0/59 | 3.3/64 50/7.6 4979 | 47/87 44/8.1 4.1/78 | 24/5.6 1.5/3.6 1.0/3.2 | 4.0/5.0
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Yeur
1-Axis, E-W | Average 0.9 1.4 17 2.0 25 2.7 3.0 28 27 1.9 1] 0.9 2.0
Horiz Axis Min/Max | 0.3/2.0 0.5/2.8 0.9/3.2 | 0.9/3.1 Bk 1.2/3.9 1.5/4.5 1.3/42 15/44 | 08/33 05/23 03/22] L.7/25
1-Axis, N-S | Average 0.6 1.1 1.8 23 32 34 38 e 7 i ki 0.7 0.5 22
Horiz Axis Min/Max | 0.2/1.2 04/22 1.0/3.2 | 1.1/3.9 2.0/4.8 17950 | 20/59 1653 L¥H51 | 0730 03115 02412 | 1927
1-Axis, N-S | Average 1.0 1.6 2.3 2.8 32 33 38 37 337 24 1.2 1.0 a5
Tilt=Latitude | Min/Max | 0.3/22 0.6/3.3 13/42 | 1243 1948 16/48 | 1958 1856 20/6.1 | 1042 06/25 03/22|22/32
2. Axis Average 1.1 1.7 23 2.8 34 346 4.0 3.8 37 24 13 1.0 2.6
= 2 Min/Max | 0.3/23 0.6/3.4 13/42 | 1.2/43 21/50 1.8/52| 2.1/62 1.8/5.8 2.0/6.1 | 1.0/42 0.6/27 0.3/24 | 2.3/3.3
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 4.4 5.6 6.3 7.9 10.5 13.0 14.9 15.2 13.7 10.2 6.7 4.6 9.4
Daily Minimum Temp 0.9 1.6 1.8 2.9 5.4 8.1 9.7 9.8 7.9 52 29 1.3 4.8
Daily Maximum Temp 7.8 9.5 10.8 12.8 155 17.9 20.1 20.6 19.4 152 10.5 7.9 14.0
Record Minimum Temp | -13.9 -11.7 7.2 4.4 -1.7 0.6 33 22 2.2 -4.4 -150  -139 | -15.0
Record Maximum Temp | 183 Fir s | 21.7 28.3 333 356 36.1 372 36.1 283 20.6 17.8 = et
HDD, Base 18.3°C 432 358 374 313 243 160 107 100 142 252 348 426 3254
CDD, Base 18.3°C 0 0 0 0 0 0 0 3 0 0 0 0 -
Relative Humidity (%) 87 85 83 81 81 82 82 84 83 87 88 39 84
Wind Speed (m/s) 4.6 43 4.1 37 34 3.2 3ol 2.8 3.0 36 4.2 4.2 i
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Variability of Latitude Fixed-Tilt Radiation m
8 M =
=
g WBAN NO. 24233
z ;
=, LATITUDE: 47.45° N
2 LONGITUDE: 122.30° W
% + ELEVATION: 122 meters
< MEAN PRESSURE: 1001 millibars
-
= STATION TYPE: Primary
‘1 .
—— 1961-1990 Average
R — : ' ' —1
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Tilt (°) Jan Feb Mar Apr May June July Aug  Sept QOct Nov Dec | Year
0 Average 1.0 1.2 2.8 4.1 5.3 58 6.1 52 3.8 22 12 0.8 3.3
Min/Max | 0.8/1.2 1.2/2.1 24/3.6 | 3.5/4.8 4.6/6.1 4.8/6.7 | 52/6.7 42/59 2945 | 1828 0914 0.6/1.0] 3.2/3.6
1 akinde-15 Average I35 23 35 4.6 54 5.7 6.1 5.6 4.7 3.0 1.7 L3 3.8
r Min/Max | 1.1/2.2 15/35 2.8/5.1|3.7/55 47]63 4.7/6.6 | 52/68 44/6.6 3.2/58 | 2.2/42 1.1/23 0.8/1.8 | 35/4.2
L atibude Average 1.6 2.5 3.6 4.4 5.1 5.2 5.7 54 4.7 32 1.8 L4 3
Min/Max | 1.1/2.5 1.6/3.8 2.8/5.3 | 3.5/54 44/59 44jo.l 48/63 42/64 3.1/59 | 2.2/45 1.1/26 0.8/2.1 | 34/4.1
[ atitde 415 Average 17 25 3.5 4.1 45 45 4.9 4.9 45 32 1.8 1.4 |
Min/Max | 1.1/2.6 1.6/39 2.7/52 | 32/50 39/52 38/52 | 42/55 3.8/58 3.0/57 | 22/45 1.1/27 08/22 | 3.2/38
90 Average | 15 2.2 2.8 3.0 3.0 2.8 3.1 3.4 3.4 27 13 1.3 2.6
Min/Max | 1.0/2.5 14/35 22/43|23/3.6 26/33 2432 | 2834 2740 23/44| 1839 1025 07/2.1]23729
Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Unceriainty 9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 12 2.2 3.7 52 6.7 73 8.0 6.9 3.1 3.0 1.5 1.0 4.3
Min/Max | 0.9/1.8 15/33 2.9/54 | 4.1/63 53/82 589.1 | 6.1/9.0 5.0/84 34/66 | 21/42 0920 07/14 | 38/4.8
1 siihiite <15 Ayel‘age 1.6 2q 42 5.6 6.9 13 8.2 73 5.8 3.6 1.9 1.4 4.7
Min/Max | 1.1/2.5 1.7/43 3.2/65 | 43(7.0 53/86 5893 | 62/92 53/9.0 37/76| 2552 L1127 08/2.1 | 4.1/53
b atime A_verage 1.8 2.8 43 D 6.7 7.0 7:9 Pl 5.9 E 2.0 15 4.7
Min/Max | 1.2/2.8 186 3367 | 4269 S51/83 5589 | 5989 52088 31T | 2555 1.1/29 0.8/23 | 4.1/53
T ke 218 Average 1.8 2.8 42 53 6.3 6.6 7.4 6.8 57 % e 2.0 1.5 4.5
Min/Max | 1.2/2.9 1.7/46 3.2/6.6 | 4.0/66 47/78 5.1/83 | 55/84 49/84 3.6/7.5 | 2.4/55 1.1/3.0 0.8/24 | 3.9/5.1
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
> NHE Average 1.8 Plge) 4.3 3.6 7.0 75 8.3 7.4 5.9 3.7 2.0 1.5 4.9
S Min/Max | 1.2/2.9 1.8/4.7 33/67 | 43/7.0 54/87 5995 63/94 53/90 3877 | 25523 1.1/3.0 0.8/2.4 | 42/55
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 0.9 1.4 1.9 2.3 3.0 33 4.0 35 2.9 1.8 1.0 0.8 22
Horiz Axis Min/Max | 0.4/1.8  0.6/2.9 1:2{%% | 1333 1.5/4.3 1.7/4.9 | 2.3/5.1 2.0147 14442 | 10/32 03/1.7 03/1.5 ] 1.6/2.6
1-Axis, N-S | Average 0.5 | 1.9 28 38 42 5.2 4.4 32 1.6 0.6 0.4 i35
Horiz Axis Min/Max | 0.2/1.1  0.5/2.3 1.1/3.8 | 1.6/40 17/57 2.1/64 | 28/65 24/59 1.6/48 )| 07/28 02/1.2 02/0.8 | 1.8/3.0
1-Axis, N-S | Average 0.9 1.6 25 3l 9 4.1 5.1 4.7 39 22 1.1 0.8 2.8
Tilt=Latitude | Min/Max | 0.4/2.0 0.7/34 1.4/4.9 | 1.8/4.4 1.7/57 20/6.2 ( 2.8/64 2.6/63 1.9/5.7 1.1/3.9 03/19 0.3/1.5 | 2.0/33
9 Aixis Average 1.0 1.7 25 .1 4.1 4.4 3.5 4.8 39 2.3 i1 0.9 29
i Min/Max | 0.4/2.1 0.7/3.5 1.5/4.9 | 1.8/4.5 1.8/60 22167 ] 30/6% 2765 1957 1.1/4.0 0.3/20 0.3/1.6 | 2.1/3.5
Average Climatic Conditions -
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 4.5 6.4 7.6 9.6 12.8 16.1 18.4 18.6 159 11.6 7.4 4.7 11.1
Daily Minimum Temp 1.8 3.0 36 A 7.9 11.1 12.9 13.2 11.1 (i 4.5 24 7.0
Daily Maximum Temp 1.2 iy 115 14.0 17.7 2.1 240 24.0 20.7 154 10.3 7:3 15.2
Record Minimum Temp | -17.8 -17.2 -11.7 -1.7 2.2 33 6.1 6.7 |55 2.2 -144 -144 | -17.8
Record Maximum Temp | 17.8 21.1 239 294 339 35.6 372 372 36.7 317 233 172 372
HDD, Base 18.3°C 429 334 334 263 171 80 32 36 87 210 328 422 2727
CDD, Base 18.3°C 0 0 0 0 0 12 36 45 13 0 0 0 106
Relative Humidity (%) 78 75 74 71 69 67 66 68 73 79 80 80 73
Wind Speed (m/s) 4,1 4.0 4.0 4.0 37 37 %o 34 34 35 4.0 4.0 3.8
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s POI(al‘Ie, WA Variability of Latitude Fixed-Tilt Radiation
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WBAN NO. 24157 &)
g £
£
= =
LATITUDE: 47.63° N =
LONGITUDE: 117.63° W g
ELEVATION: 721 melers %
MEAN PRESSURE: 932 millibars -
STATION TYPE: Secondary 2
1 d=
1961-1990 Average
o HH———
JF M A M 4 J A B O N DY
Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.3 | 332 4.6 5.8 6.5 7.0 59 4.4 2.7 14 1.1 3.8
Min/Max | 1.O/1.6 1525 27/42 | 3853 48/65 5774 5977 50/68 379652 22/32 12/1.6 0814 | 3.7/4.1
Y afibia 1% Average /. 30 42 9.3 6.0 6.4 T.0 6.6 57 4.0 i1 17 4.5
Min/Max | 1.5/2.7 1.8/4.0 3.3/58 | 4.1/62 48/6.8 55/73 | 59/78 54/716 4470 | 3.0/52 L.7/27 1.2)2.6 | 4.3/49
TLatituds Average 23 32 4.4 52 5.6 59 6.5 6.3 357 43 23 1.9 4.5
Min/Max | 1.7/3.0 1.8/4.4 3461 | 3.9/6.1 4.5/63 50/6.7 | 54/7.3 52(7.3 44/7.1 | 3.1/5.6 1.8/3.0 1.3/3.0 | 4.2/4.8
Latitude 15 Average 24 33 4.3 4.8 49 5.1 5.6 537 55 44 24 2.0 42
- | Min/Max | 1.7/3.2 1.8/4.6  3.2/6.1 | 3.6/56 3.9/5.6 43/57 | 47/63 4.6/6.6 4.1/69 | 3.1/5.7 1.9/3.1 1.3/3.2 | 3.9/45
90 Average 23 3.0 3.3 34 3.2 3.1 23 39 4.3 3.8 22 20 3:2
Min/Max | 1.6/3.1 1542 2653|2641 20636 27534 3038 3245 354 2650 1729 12132 | 29135

Solar Radiation for 1-Axis Tracking Flai-Plate Collectors

with a North-South Axis (kWh/m?/day), Uncertainty +9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average | 1.8 2.8 4.6 6.4 7.9 8.9 10.0 8.7 6.6 4.1 1.9 14 | 54
Min/Max | 1.3/23 1.7/3.8 3.5/65 | 4877 63/92 75/108| 7.9/11.3 6.8/104 52/85 | 29/53 1.5/24 L0f2.1 | 5.1/5.9
Latitude -1% Average 24 3.6 54 7.0 8.2 9.1 10.2 9.3 7.6 51 24 1.9 6.0
Min/Max | 1.6/3.1 1.9/5.0 4.0/7.7 | 5.1/84 6.4/95 7.6/109( 8.0/11.6 7.2/11.2 5.7/9.9 | 35/6.8 1.9/3.2 12/3.0 | 5.6/6.5
Liatitde Average 2.5 37 5.5 6.9 8.0 8.7 9.9 9.2 7 53 2.6 2.1 6.0
Min/Max | 1.8/34 2.0/53 4.0/79 | 5.1/84 6.2/93 7.3/105| 7.8/11.2 7.1/11.1 57/10.0| 3.6/7.1 2.0/3.4 1.3/34 | 5.6/6.5
ety 1% Average 2.6 3.8 54 6.6 75 8.2 9.3 8.7 TS 53 2.6 23 5.8
Min/Max | 1.8/3.5 2.0/54 39/79 | 48/8.1 5888 6.8/99 | 7.3/10.6 6.7/10.6 55/9.8 | 3.6/7.2 2.0/35 14/3.6 | 5.4/63
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?2/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
FA e Average 2.7 38 5.5 7.0 8.3 9.3 10.4 9.4 21 5.4 27 22 6.2
= : Min/Max | 1.8/3.6 20/54 4.1/79|52/85 6597 7.8/11.2]| 82/11.9 7.3/11.3 5.7/10.0| 3.7/72 2.0/35 14/3.6 | 5.7/6.7
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 1.2 1.8 2.6 3l 38 4.5 53 49 4.1 3.0 1.3 1.0 3
Horiz Axis Min/Max | 0.4/2.1 0.6/3.4 1.7/39 | 1.8/43 2.4/49 33/62 | 3.8/6.7 3.3/64 2559 | 1745 08/2.0 04/20 ]| 2.7/3.5
1-Axis, N-§ | Average 0.7 £S5 2.8 4.0 5.1 6.0 74 6.5 49 28 0.9 0.6 3.6
Horiz Axis Min/Max | 0.2/1.3 0.5/27 1.7/42 | 2.4/54 3.3/6.7 45/83 | 50/89 44/86 3.1/7.1 1.5/42 05/1.4 03/1.1 | 3.1/4.0
1-Axis, N-S | Average L3 2.2 55 4.4 s 5.8 13 6.8 = 38 15 L1 4.0
Tilt=Latitude| Min/Max | 0.4/2.3 0.7/40 22/53 | 2.6/59 3.3/6.7 4.3/8.0 | 49/87 4.6/90 3.684 | 2.1/57 08/22 0520 3.5/4.6
5 ke Average 1.4 22 25 4.5 55 6.3 7.8 7.0 5.8 35 1.6 1.1 4.2
Min/Max | 0.4/25 0.7/4.1 2.2/5:3 | 2.7/6.1 35/7.1 4787 | 5393 4793 3684 | 2.1/58 05923 0522 | 3.74.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 217 0.7 37 5 122 16.7 20.4 202 14.9 8.3 4 -23 8.5
Daily Minimum Temp -6.2 34 13 15  f 9.6 12.4 12.4 i 22 1.8 -5.7 a0
Daily Maximum Temp 0.7 4.8 8.7 13.9 18.8 23.7 28.4 28.1 223 14.8 52 1.0 14.2
Record Minimum Temp | -30.0 -27.2 -21.7 -8.3 -4.4 0.6 2.8 L -4.4 -122 -294 317 | -317
Record Maximum Temp | 15.0 16.1 217 322 35.6 37.8 394 422 36.7 30.0 194 133 42.2
HDD, Base 18.3°C 653 493 433 318 191 77 17 31 124 305 498 641 3801
CDD, Base 18.3°C 0 0 0 0 0 & 82 89 i 0 0 0 221
Relative Humidity (%) 83 79 70 61 58 54 44 45 54 67 83 83 65
Wind Speed (m/s) 4.2 4.3 4.5 4.7 44 4.3 4.1 3.8 39 3.8 42 37 42
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Variability of Latitude Fixed-Tilt Radiation m
8 . -
F.l - WBAN NO. 24243
= B
= i
=l : + LATITUDE: 46.57° N
8 LONGITUDE: 120.53° W
ST ELEVATION: 325 meters
&3t MEAN PRESSURE: 978 millibars
Eo24
= STATION TYPE: Secondary
1 .
1961-1990 Average
04—+
4 FM A M JI Jd A S O NUDW
Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Tilti() Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.4 22 3.6 5.0 6.2 6.9 Tl 6.2 4.7 3.0 1.6 ¥ 4.1
Min/Max | 1.2/1.6  1.7/25 3.0/4.1 | 4.1/56 53/68 6.0/7.7 | 6578 54/69 40/53| 2533 13/1.8 10/13 | 4.0/43
Latitude 15 Average 22 33 4.7 5.7 6.4 6.8 1.3 6.8 6.0 44 i 1.9 4.8
¥ ¥ | Min/Max | 1.6/28 2.1/42 3755 |45/65 35371 59/(15| 65/1.9 59/18 4970 3.3/5.1 1.8/3.0 1.5/2.7 | 4.6/5.1
1 Etitis Average 2:5 35 4.8 5.3 6.0 6.2 6.7 6.6 6.1 47 2.7 2.2 438
Min/Max | 1.7/3.2 2.2/46 3.8/58 | 44/64 50/6.6 54/69 | 60/7.3 57/1.5 4.9/7.1 | 3.5/55 1.9/3.3 1.6/3.1 | 4.6/5.0
LAHTHE #15 Average 26 3.6 4.7 3.1 53 5.3 5.8 39 5.9 4.8 28 2.3 45
Min/Max | 1.8/34 2.2/47 3.7/57 | 41/6.0 44/58 4.7/59 | 53/63 5.1/68 4.7/69 | 34/56 1935 1733 |43/47
90 Average 2:5 3.2 38 87 34 3.2 39 4.0 45 4.1 2.6 i 34
Min/Max | 1.6/3.3 19/42 30/46 | 2943 2836 2834 | 32/37 3445 36/53| 2948 1733 1532 ] 3.1/3.6

Solar Radiation

for 1-Axis Tracking Flat-Plate Collectors

with a North-South Axis (kWh/m?/day), Uncertainty 9%

Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.9 2 i 5.1 6.9 8.6 9.5 10.3 9.0 Fil 4.5 22 1.6 5.8
Min/Max | 1.4/24 19/40 4.0/6.0 | 5.3/80 6.9/9.7 7.9/11.0| 89/11.5 7.6/10.6 5.5/84 | 3.2/54 1.6/27 13/2.2 | 54/6.2
Lsttrnde.-15 Average 2.5 39 5.9 .3 8.9 9.6 10.5 9.6 8.2 5.6 2.9 22 6.5
Min/Max | 1.8/3.4 23/52 4.6/7.2 | 57/88 7.1/10.0 7.9/11.2| 9.1/11.8 8.1/114 62/9.7 | 3.9/67 20/3.6 1.6/32 | 6.0/6.8
1 atitnds Average 2.8 4.1 6.1 74 8.6 9.2 10.2 9:5 82 5.8 3.1 24 6.5
Min/Max | 1.9/3.7 24/55 4.6/73|5.6/88 6897 7.6/108| 8.8/11.4 7.9/11.2 63/98 | 4.0/7.0 2.1/3.9 17/35 | 6.0/6.8
Tattedesi8 Avcrage 5 42 6.0 7l 8.2 8.6 9.6 9.0 8.1 538 32 Z3 6.3
Min/Max | 1.9/3.9 24/56 45/7.3|53]85 6492 7.1/10.1]| 83/10.8 7.5/10.8 6.1/96 | 4.0/7.1 2.1/40 1.8/3.8 | 5.8/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Unceriainty 9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
3. Axis Average 2.9 42 6.1 7.6 9.0 9.8 10.7 Bg 8.3 5.9 3.2 23 6.7
4 Min/Max | 1.9/3.9 24/56 4.6/7.3 [ 5789 7.2/10.1 8.1/115| 9.3/12.1 8.1/11.5 6.3/98 | 4.17.1 2.1/40 1838 | 62/7.1
Direct Beam Solar Radiation for Concenirating Collectors (kWh/m?/day), Uncertainty £8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 1.4 29 3.0 3.3 4.4 30 5.8 52 4.5 34 1.7 1.3 35
Horiz Axis Min/Max | 0.6/25 04/34 1.9/4.0 | 23/46 29/54 3.6/65| 4.6/69 39/66 29/58)| 1943 09725 0.6/2.5 | 3.1/3.8
1-Axis, N-§ Average 0.9 1.8 32 435 59 6.6 7.8 6.8 53 3.1 12 0.8 4.0
Horiz Axis Min/Max | 0.3/1.6 04/28 2.1/42 | 2.8/57 4.0/73 4787 | 6.1/93 52/88 33/69| 1.7/41 06/1.8 04/1.5 | 3.5/44
1-Axis, N-S | Average 1.5 2.6 4.0 4.9 58 6.4 7.6 Tk 6.3 4.2 19 1.4 45
Tilt=Latitude | Min/Max | 0.6/2.7 0.5/4.0 2.6/53 | 3.1/6.3 4.0/72 4584 | 5.9/9.1 54/9.2 4.0/8.1 | 23/55 1.0/2.8 0.7/2.6 | 3.9/4.9
A Kt Average 1.7 27 4.0 5.0 6.2 6.9 8.1 7.4 6.3 4.3 20 1.3 4.7
Min/Max | 0.6/2.9 0.5/4.1 2.6/53 | 3.2/64 42776 4.909.1 6.3/9.7 5.6/95 4.0/8.1 | 24/5.6 1.1/29 0.7/2.8 | 4.1/5.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.3 24 6.1 9.7 13.9 18.1 21.1 20.6 15.9 9.9 3 -1.2 9.9
Daily Minimum Temp -5.7 -3.1 -0.7 1.9 . B 9.6 11.7 11.3 7.0 1.8 -1.7 55 23
Daily Maximum Temp 3.1 8.0 129 17.3 22.0 26.6 304 29.8 24.9 18.0 9.1 31 g
Record Minimum Temp | -29.4 -31.7 -18.3 -6.7 -3.9 -1.1 1.1 1.7 -4.4 -11.7 250 -27.2 -31.7
Record Maximum Temp | 20.0 20.6 26.7 333 389 39.4 422 433 37.8 30.6 22.8 19.4 433
HDD, Base 18.3°C 608 445 379 260 142 50 Il 21 94 260 440 606 3315
CDD, Base 18.3°C 0 0 0 0 4 43 95 90 22 0 0 0 254
Relative Humidity (%) 78 73 61 52 48 47 44 48 36 63 r 30 60
Wind Speed (m/s) 2.6 3.0 3.5 3.8 38 38 3.6 34 3.4 3.0 2.8 2.4 3.3
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